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(54) 

(57) A "technique, spedficaly apparatus and an 
accompanying method, tor accurately thresholding an 
image based on local image properties. epecrficaly lumK 
nance variations, and particularly such a technique that 
uses multi-windowing tor providing enhanced 'mmunrty 
to image noise and lessened boundary artifacts. Specrf- 
£a»ly. a localized intensity gradient. Gflj) fe determned 
for a pre-defined window (300) centered about each 
imaoe pixeKU). Localized minimum and max.mum pixel 
Sty measures. L^andUn... respec^ely ar e ateo 
o^nedforanomer.tl^ 
tared about pixel(i.j). Also, a located area grad.ert 
measure. GSf.j). is determined as a sumj ol mdn£ua 
intensity gradients for a matrix of pixel positions (370) 
centered about pixel position (i j). Each image pixel(ij) is 
then classified as being an object pixel. i.e.. black, or a 
background pixel, i.e. white, based upon its area gradi- 
ent 6S{i j). and associated I™, and Lmax measures. 
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Description 

XESHNISA] F'P' B OF THE IN VENTION 

The invention relates to a technique, specifically apparatus and an accompanying method, lor accurately thresh- 
oldina an image based on local image properties, specifically luminance variations, and particularly one that uses mult- 
windowing tor providing enhanced immunity to image noise and lessened boundary artifacts. 

pAPK^Rm IND ART 

wwh riinHal imaoe Drocessing and digital communication becoming increasingly prevalent today, increasing amounts 
«r .brother textual documents are being scanned lor subsequent computerized processing of one form or another 
arSa ^dToSahransmission. This processing may invotve. tor example, optical character recognition, fw converfirig printed 
SSSi whether machine printed or handwritten, from scanned bit-mapped form into an appropnate character set. 
sSn asTscI the latter being more suHable for use with word processing and similar computerized document-process- 

inS 'Sfnnino a orav-scale document typically yields a multi-bit, typically eight-bit. value fa each pixel in the scanned 
Ho^TtL value represents the luminance, in terms of a 256-level gray scale, of a pixel at a corresponding point 
fnTr ri ^ument These pixels are generated, depending upon the resolution of the scanner, frequently at resolutions 
o* Too ^0 ^xeTs/mch (approximately 80-1 60 pixels/cm), though with highly detailed images at upwards of 1200 or more 

a^SaWe amount of gray-scale data. Inasmuch scanned text generally presents a written or printed 
£££ <S Sme sortagainst a contrasting colored background, typically white or black print against a white or light 
t££ teckomund or vice versa, the exact luminance value at any one pixel in the text is not as .mportant as whether 
itei^lfeeSher part of a character or the background. Therefore, scanned textual images, or scanned textual portons 
^SmaoeTconteining both text and graphics, can be efficiently represented by singie-brt pxels .n wh«h each pixel 
n fSrL^ is Srply set to. e.g.. a "one" if that pixel in the original image is part of a character or part of 

Motion or to. e.g.. a "zero" H that pixel in the original image is part of the image background. To easily 
SouS *e dTe eni ?ypes of scanned images, a gray-level image is defined as one having muji-bit (hence mutf- 
«£ ^iTlhereas a binary (or bi-level) image is formed of single-bit pixels. Furthermore, since binary images gen-, 
rllor?S e «Dlv!eIs date for a given textual image, such as. e.g.. one-eighth, as much as for an eighth grey-scale 

^^mesan^ 
fo^oZelndco^^^ 

usino standard compression techniques, e.g.. CCITT Groups 3 or 4. compression standards. 

us.ng standard comp cofweiie(j tobinary image£ through a so-called thresholding process. In essence, each rnutti- 
faH nSl value in a grayscale scanned image is compared to a pre-defined threshold value which may be f «ed. vanaWe 
P « »2£i ve!v viable to yield a single corresponding output bit. If the multi-bit pixel value equals or exceeds the 
thrrsnoldSeS tha £rf£L pixel, the resu.«am singled output P«e. is set to a 'one'; otherwise if the threshold is 
oTMt^^^Mpixel. then the resultant single-bi, output pixel remains at "zero". In this manner ttnesholding 
^r-i «H« Pixels such as those which form characters, or other desired objects, from the background in a scanned 
o«v sca^mage wrth the pixels that form each character, or object, being one value, typically that for black, and me 
Ste^tr^cCound all being another value, typically that for white. For ease of reference, we will hereinafter 
,.,„ to each character or other desired object in the image as simply an object . 

the best thresholding process is one which accurately selects all the object pixels, but nothing more, in the 
.«nnS and maps those pixels to a common single-bit value, such as. e.g.. "one" tor black. In practice, noise. 
h^nr^ndThadinQ lighting non-uniformities in a scanning process and other such phenomena, preclude the use of e 
Sf^th?eshdd^ or an entire image. In that regard. H the threshold is too low. the resulting image may contain an 
?»LU»™un, ol noise in certain, if no, all regions; or. H too high, insufficient image detail, again in certain, if not all. 
SST thereby complicating the subsequent processing of this image. Given this, the art recognizes that a preferred 
IrS^rh would be to select a different threshold value that is appropriate to each and every pixel in the scanned image. 

<Tth* orooer threshold value is determined based upon local properties of the image, i.e.. certain image 
chararterScs that occur in a localized image region for that pixel. Hence, the threshold would vary across the image, 
r^cihiu ewen adant to changing localized image conditions. 

Tn Lnaral alommon methodology for variable thresholding relies on measuring localized image characteristics. 
c .,rh J tCiTintensitv contrast (or gradient), local averaged intensity and/or local variance, in a local window centered 
^ A Snf interest and then using these measures to classify image pixels into either object pixels, black, or back- 
white Here too. reality diverges from the ideal inasmuch this methodology is complicated, and often 
ufOZSZl hva need to extract various objects in a wide range of documents but with minimal user intervention, such 
as tor puposes of initialization and object identification, and while still yielding a clean background in the thresholded 
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irnage.,,ea,*.^ 

such as white objects in a gray ^^^^T^o^ to provide adequate performance v*h actual 
Nevertheless, given the overwhe^-ng .nab. ^^f.^^'^^ that attempt to provide satistectory 
imag es. the art has persisted by ^^^J^^^^s that, in practice, tend to Hnrfl their utility. 
e performance. However, all these approaches sutler J^L, image properties, are taught in M. Kamel et 
' ^ various approaches based upon CM*-**^***** 
al .. -Extraction of ^^STSSSZ E£ 2^ Here, a logica. lever approach is based on «np^ 
imaoePrficessmg. Vol. 55. No. 3. May i P^y«= ^ f ^a, averages m neighborhoods 

^^ToTTg^enpixe. or Hs smoothed grajr to* ***™»* J ™» ^ ^ fc ^ 

ro centered about tour pixels ort ^«^ Subtraction-, relies 

an tour local averages, then the given pixel « ^ a ^^ ™ an£j , ^cer/graphics image. F.rst, most ot 
on considering every pixel m an .mage as a ^f™j2r ostensibly tunctioning to remove -particle- noise. The 
the background pixels are detected us.ng a logical Mte . me t«er osi e y ^ 

of 0. n/4. n/2 and 3n/4. The .esultmg littered to .nary ^g* modHied by detecting additional back- 

background pixels which are ^J^^"^^"^* possible character/graphics pixel, the gray level 
oround pixels using a predeterm,ned stroke ^^^7b2taro^pixels. Lastly. a gray-scale character /graph- 
o Hs^ground image is estimated ^'™ a ^^^ scanned image wHh resulting 

^image rs obtained image. Though the global threshold 

Parting dim and/o: broken ^^2^t«Pa\S 4 868.670 (issued to R.R.A. Morton et a. on September 
Another approach, as described m S J^ ^™ a ground value in an image, with a threshold 

19 1989 and owned by the present assignee he \^ e ^^^^ B feedback signal Here, whenever a transition 
Jaiue being a sum of a tracked background value, a ^^SLn^Swh- Refined pattern to momentarly 
o^s in the image, such as an SSatSSSSw has a reduced noise content, 

modify the threshold value such that ostensibly an '^~ 8rtilacl6 at intensity transitions due to abrupt changes 

tiesln detecting low contrast objects. J.C. Stotlel et al on August 28. 1 984). 

A further approach is described in ^^^J^^p^^ which is obtained on a pbel-by-pixel 
Here adaptive thieshokJing is implemented by using a ntmage on«P fe ^ ^ ^^^^^ 

bast as a function of white peak and blB * J! The peak and valley poten- 

wrth nearest neighbor pixels to provide jjn ^e potential ot that pixel with predetermined minimum 

™rr ni^ tS ,ech - oe a,so ^ te **** d m 

extracting low contrast objects in a »<«"**"^ specHlcallv appa ratus and an accompanying method, tor accu- 
Theretore. a need exists in the art tor a ^^^Z^L ^ n ^ a threshold that varies based on local 
rately and reliably thiesholding ^^^h^ SlSSSS ar£ educed boundary artifacts, as we., as 

Weh avesubstant«l>yar*ad^^ 

thresholding technique. -.^ c iH, nradient G(i n is determined lor each pixelfij) in an incoming 

lpecHica.br. through ourlnvention. ^IS^^S • ^do* illustratively 3-by-3. ot pixels centered 
so scanned gray-scale bit-mapped ,mage. Th,s » Bd ^* d ^™*? levels are detected tor an N-by-N pixel window 
60 aSu. pixel(ij). Next, rninimum inter*** ^^"^^^^ GSf, j) being a sum of individua. intensity 
centered over the image about p.xel(ij). In add.t on. a 'ocalaec i area £ , gbbot ( . ^ 

gStents. - a-erta^edtor a rj^ix (w,^ ^ ^ prjmarily based 

Each pixel(i.D is then dassrf.ed as be.ng an and ^ values. These three parameters are 

« upon area gradient. GS(ij). and secondarily upon * 
" determined!^ 

*^h va^ 8b0lrt pb * P0Shi ° n 0J> " det6r S COneSP ° nd,ng "~ 

gradient GS(i j). 
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Using these local measures, each image pixel(ij) is first classified as being near an edge or not. In that regard, each 
pixel near an edge is so classified H the local measures therefor, specifically its associated area gradient, exceeds a 
nre-def ined threshold value. Otherwise, that pixel is viewed as falling within a locally flat field, i.e., of relatively constant 
oray-scale Specifically, edge pixels are classified by comparing their intensity values against average intensity values 
tor local N-by-N pixel windows therefor; in contrast, pixels in flat fields are classified by comparing their intensity against 
a pre-determined intensity value. 

In particular an image pixel(ij) located in a vicinity of an edge in the image is detected whenever the area gradient. 
GS(i D for that pixel is high, particularly being larger than a predefined gradient threshold. GT. Once such a pixel is 
found each pixel on a darker side of the edge is found. This latter pixel being in the center of a local N-by-N. e.g., 7-by- 
7 pixel window is classified as an object pixel, i.e.. black, whenever its intensity. L*. is smaller than an average of its 
associated and L^,, values. After natively, if the intensity of this latter pixel. Uc. exceeds the average intensity value 
oi and then this particular pixel is classified as being background, i.e.. white. 

Where thearea gradient. 6S(i j). for pixel(ij) is less than the gradient threshold, such as where the N-by-N window 
slides along an image region of relatively constant gray-scale. pixel(i j) is classified by simple thresholding, i.e., thresh- 
olding its gray-scale value against a constant predefined threshold value, IT. Here, if the gray-scale value of pixel(ij) is 
less than the threshold value IT, this pixel is classified as an object pixel, i.e.. black; otherwise, this pixel is designated 
as part of the background, i.e., white. 

To enhance image edges and by doing so further increase thresholding accuracy, the intensity values of those pixels 
near an edge are modified. For the preferred embodiment, black pixels are illustratively represented by a value of zero 
and white pixels by a value of "1*. Specifically, tor those pixels located on a darker side of an edge and having an intensity 
value that exceeds the threshold value. IT. the intensity of each of these pixels is reduced to a value slightly below 
threshold IT eg to a value IT-. In contrast, the intensity values for those pixels, located on a brighter side of an edge 
and having an intensity value less than threshold value IT. are increased to an intensity value slightly greater than thresh- 
old value IT, e.g.. to value IT*. A high quality binary image can then be produced by merely thresholding the resulting 
gray-scale irnage against pre-defined threshold value IT. 

Advantageously, through the use of area (summed intensity) gradients, the present invention significantly reduces 
both background noise and boundary artifact generation while accurately extracting objects in a thresholded image. The 
modified gray-scale image, when subsequently thresholded using a fixed threshold value IT. greatly enhances detection 
of low contrast objects and thus readily produces a high quality binary image 

RRIPF DESCF 'PTinM OF THE DRAWINGS 

The teachings of the present invention may be readily understood by considering the following detailed description 
in conjunction with the accompanying drawings, in which: 

FIG. 1 depicts a high-level block diagram of document imaging system 5 that embodies the teachings of our present 
invention; 

FIG. 2 depicts the correct alignment of the drawing sheets for FIGs. 2A and 2B; 

FIGs 2A and 2B collectively depict a high-level flowchart of our inventive multi-windowing thresholding method; 

FIG. 3A depicts a 3-by-3 matrix of pixel location definitions which we use in determining, through a "Sober gradient 
operator, gradient strength for current pixelfij); 

FIG. 3B depicts a graphical representation of an N-by-N neighborhood of pixels centered about a cunent pixelfi j) 
in an image intensity record; 

FIG. 3C depicts a graphical representation of an (N-2)-by-(N-2) neighborhood of pixels centered about pixel position 
(ij) in an image intensity gradient record; 

FIG 4 graphically depicts intensity profile 400 of an illustrative scan line of an original gray-scale image, such as 
that illustratively on document 10 shown in FIG. 1 ; 

FIG. 5 graphically depicts a modified intensity profile which results after thresholding intensity profile 400 shown Hi 
FIG* 4 according to the teachings of our present invention; 

FIG. 6 depicts a block diagram of a preferred embodiment of our present invention; 
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FIG. 7 depicts a block diagram ol Sum of Gradients Circuit 620 which 1orms part of circuit 600 shown in FIG. 6; and 

FIG. 8 depicts a block diagram of 7-by-7 Maximum and Minimum Detector 635 which also forms part of circuit 600 
shown in FIG. 6. 

To facilitate understanding, identical reference numerals have been used, where possible, to denote identical ele- 
ments that are common to various f igures. 

MQBES nP f-ARHYINfi Ol IT THE INVENTION 

After reading the following description, those skilled in the art will quickly realize that our invention is applicable ^tor 
use hearty an? document imaging system for accurately thresholding scanned documentary images comammghne 
^ reoaSess^f what that Hne art contains and the media upon which the image ongmaHy appears. For example. 
£ graphs, maps, characters and/o, line (skeletal) drawings. Neverthe ess for ^purposeof s-mplHy^ 

h X^scuss^ 

tneioiiow a . whicn we W HI collectivdy refer to hereinafter as objects . 

35 Tor^uXs o? £. « TdSussion. we define black and white grayscale pixels a^ving «ght*H gray- 
For purposes * ™ consistency, we elso define output binary pixels wrth black being -0* and 

S KH^na-rC.ea^yo!,inve^ 

that compare pixel intensities, as would be r eadily apparent to those skirled in the art. reversed from those 

shown_and des^- diagram of doC umen. imaging system 5 that embodies the teachings of our present 

!, „ A system 5 is for med ol gray-scale scanner 20. digital image processor 30 and "simple* thresholding 

' nVe "S JSfrin, 10 containing various objects of interest is scanned by scanner 20 to produce muto- 
cicurt 40 n ope ration j ™ gray ^ cale ir ^ ge date . L This data is routed, via leads 25. to a data input of d.grtal 
bh. typ.ca.ly ^^^^^^rextent ^ant here, thresholds the scanned image data and generates both 

a modified gray scaie '™« , enhanced by processor 30 to subsequently increase thresholding eccu- 

descrtoed in greate. _detail ^^S^V^^^^ ^ 37 fe (0Uted to m input of thresholding circuH 40 which 
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racy. The modrhed iimage ■ dala against a predefined fixed threshold value thereby 

"SISS" as anUTou*u. binary Lge. Digital image processor 30 performs thresholding in accordance wrth our 
Zl^loZrrteKgto data throughputs required to, processing bit-mapped images, processor 30 is prefer- 
^SSedTomd^L hardware circu^. including our inventive circuit 600 shown in FK3. 6 and drscussed,n 
ably ato cated^rom oea un be implemented through one or more general purpose microprocessors, 

detail below ^^^^^SSSL^ Zi suitably programmed to implement our present invention in soft- 
^e 8 ^ thatTe" could execute iitructions sufficient* fast to produce the requisite data 

^IfS'level flowchart ol our inventive multi-windowing thresholding method 200 is collectively depicted in FIGs. 2A 
and 2E ^ SThSh^ec. alignment of the drawing sheets tor these figures is shown in FIG. 2. During the course of 
and 2B. tor wnrcni e « j|( , D de to F IGs. 3A-3C where appropriate. 

""SSrtSSZ Trio nS Z «Th and every grayscale pixel in an incoming image, thereby iterating through the 
• the n^nne through which each gray-scale image pixel is processed is identical across al such pixels, we 

im age. S nee the ma ™«V » » processing generalized pixel(i.j). where i and j are positive integers and 

S^rXS-^^^S^ the incomes gray-scale image. In addition to gray-sca.e image data. 

Z suo^eTvalues of two input parameters, specifically fb<ed thresho.de IT andGT. These thresholds are adjusted. 
8 U hL*2 below either to provide satisfactory thresholding across a multitude of dffienng images with varying char- 
■^SStSST cortrast and H.umination. or can be adjusted to provide optimum thresholding tor any one type of 
^^nnin^condHton. In any event as a result ol performing method 200 on all such gray-sca.e '^9^^; 
'Tl^ed bi^ry 2 modif ied gray-sca.e image will be generated, with each pixel in the resulting image oonespondmg 
a thresholded ^™Y°<' "? shown in FIGs . 2A snd 2B . rf a modified gray-scale image rs to be produced. 

!2^JSSI3^in. -simple" fashion using a fbed. pre-defined threshold, having a value IT. as that va.ue 
rriS ^ gray-Se image can then be further processed, e.0.. through scaling or hHenng. as 

deSl lf oa rticular upon starting method 200. step 203 is firsl performed. This step determines a gradient strengthfor 
• ??S • fe accomplished I by use of the so-called -Sobel' gradient operator on a window of p«ete centeredaboirt 
SSn SaSeS thismatrix. shown as matrix 300. is a 3-by-3 window centered about p,xe.(Tj). * > 
Sta »wSS ; (1)-<3) below, the Sobel operator relies on computing horizontal and vertical prxel mtensrty gradients. 
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GX(i.D and GY(ij). respectively, and tor each pixel position <ij) forming the gradient strength. G(ij) as an absolute sum 
of GX(i.j) and GY(ij): 

GY(ij) - L(i-1 j+1) 4 2L(i j+1) + L(i+1 ,j+1) - L(i-1 - 2L(i.j-1) - Lfi+1 (2) 
G(ij) = |GX0j)|4|GY(i.D| (3). 
where: G(i.j) is the gradient strength at pixel position 
L(i j) is the image intensity, luminance, at pixel 
The reSggrad'ient strength value tor every image pixel collectively forms a gradient strength record tor the entire 

^Onte^gradient strength. G(i j). is determined tor pixelf.j). method 200 advances to step 206. Thisste* when 
oenolmed determines the area gradient lor pixel position (i j). i.e. GS(ij). as the sum of the grad.ent strength tor each 
a^ ev^pte. position within an (N-2)-by-(N-2) window centered about pixel portion <ij). This window 
^ bvtoLte in size and is shown, as window 370. in FIG. 3Ctor an N-by-N. illustratively 7-by-7, w,ndow shown m FIG. 
3B the S being window 330. centered about pixel(ij). For purposes of comparison, the periphery of an N-by-N 
!Low feiown as window 350 in FIG. 3C. Though shown sequentially to simplify illustration, step 245 * generally 
^medate^sentiallythe same time, as symbols ed by dashed line 244. as is steps 203 and 206. Step 244 detwn^nes 
^nfnSm and maximum pixel intensity values. L^ n and L^,. respectively, in an N-by-N window centered about 

PlXe 'S e the area gradient is determined tor pixel position (ij). then, through the remainder of method 200. the three 
image Measures. GS(ij) and and I™,. associated with this particular pixel position are used to classify pixelOJ) 
„ an nhied oixel i e.. black, or a background pixel. i.e.. white, _ ■ 

Tn^cutar decision step 208 is performed to assess whether the value of the area gradient for p.xel(i j). GSf. j). 
eYr defined threshold value. GT. or not. This test determines whether pixelf. j) lies in a vicinity ol an edge n 
fhfsSmed fmaoe or not. H the area gradient is less lhan the threshold value. GT. then pixel(ij) does not lie near an 
S,HSce Pixel(i D lies wHhin a localized relatively constant tone. i.e.. Ilaf field, region of the scanned gray^cate 
^naoe Inthfe case method 200 advances along NO path 211 emanating from decision block 208 to decision btock21 5. 
TOs fatter decision' block determines whether the gray-scale intensity of pixel(ij). i.e.. 1^. exceeds another pre-defined 
thVpVhold value IT If this gray-scale value is less than the threshold, the pixel is classified as an object pixel, i.e.. here 
^S^i^ ^ r^^^^ as a background pixel, i.e.. here whHe. Specifically, on the one hand, rl p>x* 
fr^siS llT!ess than or equal to threshold IT. decision block 215 advances method 200. along NO path 217. to 
ri^Sbtock 222 This latter decision block determines whether a user has previously instructed the method to produce 
a^nTrvWay-scale output pixel. If a binary pixel is desired, then decision block 222 advances the method, v* YES 
Lm 225^0 Sck 228 which, to turn, sets an intensity of output pixel(i.j) to black, i.e.. zero. Alternatively, ri a gray-scale 
Sufis desireTthen decision block 222 advances method 200. via NO path 224. to block 230. This latter block, when 
^men seteihe intensity of output pixel(i.D to the intensity of without any modifications made thereto. If. on the 
other ha* tS^SIt exceeds threshold IT, decision block 215 advances method 200. along YESpath 218. to 
Son SoS £2 This tatter decision block determines whether a user has previously instructed the methodic produce 
a MnTrvWay-scale output pixel. II a binary pixel fe desired, then decision block 232 advances the method, v* YES 
oato 235 o block 237 which, in turn, sets an intensity ol output pixel<ij) to white, i.e.. one. Alternatively. 1 1 
Suite desire? then decision block 232 advances method 200. via NO path 234. to block 241 . This latter block, when 
n^nid Selthe intensity of output pixel(i j) to the intensity of L,. without any modifications made thereto. Once step 
2?em« «i is performed. method 200 is completed tor pixel(ij); the method fe then repeated tor the next image 

PiXe, At 6 ma?vet?H a 8 rS g^ad^ent, GS(ij) exceeds the threshold value. GT. then pixel(i j) lies in the vicinity of an edge, 
in thfs Sse sS 245 is now performed to ascertain the values of L^, and U in . if these values have not already been 
hL » r^nPd' as set forth above. Thereafter, method 200 advances to block 248 which calculates an average pixel intensity 
va^!u v occuriing within the N-by-N pixel window centered about pixel position <i.j). This average intensity value is 

<;imnlv defermined by averaging the values Lrnax and Ujjn. . ,_. . „ 

Once tote averaoe value has been ascertained, method 200 advances to decision block 251 which compares the 
■.mrnZ of Dixelfi i) ie U. aoainst its associated average intensity value. L^g. When this pixel is situated on a darker 
2 "of a S h' nce an object pixel, then its associated average intensity value wil. be greater than or equa to 
rts totensSv value In this case, the output binary pixel for pixel position (i j) will be set to black. CMherw.se. ,f pixel(, j) 
s srtuateo near an «toe but its average intensity value. L av{ , would be less than its intensity value. U. then this pixel * 
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increase thresholding accuracy. associated average intensity value. 

particular. H gray-scale pixel ' nterert ^y^ ^ S 5 decision block 260. This latter decision block 
L n then decision block 251 advances m f hod ^jj^ ^ ™ 8 ^nary or gray-scale output pixel. If a 

^ermines whether a user has previous* J^SSfS^S path 265. to Week 268 which, in turn, 

binary pixel is desired, then decision ' ^ *?S£J H a oS-scale output is desired, then decision block 260 
sets an intensity of output pixelf, j) to black. rero. However rfagray ** ^ pert0 rmed. determines whether 
advar*es method 200. via ^ 

p- we . intensity. exceeds the P"**"* threshok, Jjjj ™ ^ en executed> S ets the grayscale output tor 
?r then method 200 advances, along NO P a ^£^o b lo* ,7t, ^ threshold IT. then method 

value that is slightly less. I.e.. IT-, than thr eshold IT associated averag e intensity value. 1™. thendecision block 

Ahernative.y.i1 gray-sea lepix el^ens* l^exce ^JJ^SSTtSiJ; decison Woc&etermines whether 
251 advances method 200. along YES path 2 53. to dec.sior iwock , e ^ ^ „ a pixel fe desired, 

a user has previously instructed R» J&. in^turn. sets an intensity 0. output 

then decision block 280 advances the method, via YES decision 280 advances method 200. 
P ixe.(i i) to white. i.e.. one. Howler rf ^^'^^^^Setermines whether pixel intensity. U is less 
via NC 'path 284. to decision block 290. Th* ^ ' atte '^ D ^" P ^ eeds w fe equal to threshold IT. then method 200 
than pre-defined threshold value ITH the .men^y ^P' >e ^^ e J te °ne gray-scale output tor pixelfrj) to the pixel 
advances, along NO path 292. to block 295. ^ * then method 200 advances, along YES path 

intensity value k- Now. H the rtensly pixeKjfl » - J^JJjJ* £ e>0j> to a value that is slightly larger. i.e, IT* 
x 294. to block 297. which, when e,^^ he . & , ^ t V n respecth , ely . threshold IT is not critical 

"™ « -s been pedormed tor pixe** meW 200 * 

fhen repealed tor the next image pixel in ' " JSca,^ depjct£ inle nsity profile 400 ot an illustrafrve scan 
VKththis understand^ 

line ot an original gray-scale ™J*™* Jlil' 500. shown in FIG. 5. results. As is readily apparent 

profile 400 through our nventive method modified ™"» P«" ^xels loca ted near an edge are modified, 

from comparing prof Des 400 ££2d wVile its intensity is larger than threshoki 

inthis regard, when such a p.x el I d ^^sl^ySs than threshold IT. Alternatively, when an image 
value IT. the intensity of this pixel ^^'ff 5 ^^^ TntenSy is less than threshold IT ; the intensity ot this pixel is 

^ijd^ 

As shown, circuit 600 is formed of l.ne delays 610. specrt^aiiy"^ y ^ ^ 

8*£. delecto, 615; sum of "^^^J^^S^Si inverter 664. and gates 662. 670 and 
averaging circuit 640; ^^fl^JS^ FIGs. 2A and 2B and discussed in detail above. 
45 675. Circuit 600 collectively ^ me ^^J2tSSte routed in parallel, via leads 605 and 608. to an input of 
In operation, eight-bit input gray-scale imagepixelsO^ are roweo p ^icaiy series-connected single 

fine deiTys 610 and to an input of 7-by-7 Max and ^^ ^TpL. daTa centered around image pixe.(U). 
fine delay elements 610,. 610, and 610,. prov.de a 3 -**™™™,^>e\ nne ot the window. The outputs of all three 
Each delay element is tapped at *vhich. calculation of the Sobe, 

so delay elements are rouledto -espectrve ect on outpyt leads 617 . ^ 

operator, as described above provides an .ntensrty gra<*ent £ ^ p ' sum£ ^ ^ dient in , e nsity values 
Radiant value is applied to an input to sum «g*^J?£^ tne , esuHa nt sum. as an area gradient value, i.e.. 
fn a 5-by-5 window centered about pixel posrtion 0 j) ^P^^L,^ in de , ai , below. This area gradient value 
SbM^i 12-bH output leads 622. Circuit 620 is ^hown ,nF.G 7 and ^^J* ^ gradient , nreshoW . GT; 

55 is applied to an input ('A") ^^^^^^^ Tne resulting comparison output, appearing on 
.heiatter being applied to another !^ ite samje^i-^ ^ ^ ^ ^ , s as an 

^ «■ 'SSrSS C2? ? ^ tSS?35l- ^90. as discussed in detail below, the appropriate 
or one ot the pre-def ined values .T- or ,T*. 
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mo v and Min detector 635. depicted in FIG. 8 and discussed in detail below, ascertains the maximum and minimum 
«-v JiSlnSv values i e L max and I™. of those pixels contained within a 7-by-7 window centered about pixelfij). 
R^Lwno L andl val uZappea^ng on leads 637 and 639. are then averaged by averaging circuit 640. This droit 
contains summer 642 which merely adds these two values together into a resultant sum. and R and delay circuit 646 
which Elements a divide by two operation by shirting the sum one-bit to the right; hence dropping the least significant 
tiL ^TElSE? averaged intensify value is then appropriately delayed within circuit 646 tor purposes ol achiew* 
Drooer synchronization within circuit 600. 

m the area oradient value. GS(ij). exceeds the pre-defined gradient threshold. GT. then the averaged .ntensrty value, 
i TJZ a threshold level in determining the value of output center pixelfj j); else. H the area gradient value is less 
iS' or Poual to the gradient Ihreshold. then value IT is used as the threshold level in determining the value of output 
Ser dS j T m thfe regard, the averaged intensity value. L evJ , is applied to one input of comparato. r650 The cunent 
cen Z oixel vilue V, is applied through delay element 630 to another input ol comparator 650 as well as to one .nput 
^ ™lrItor 655 The delay of element 630 Is set to assure that the proper corresponding values of U and are 
fvn^notSv aopliS to collectively comparators 650 and 655. multiplexors 680 and 690. and gating circuit 660. The 
fi^^sSd value IT is applied to another input of comparator 655. Comparator 650 produces a low or high or low 
£5 SZn lead 653 if pixel intensity value L, is less than, or equal to o, greater than ^spec^elyjts assorted 
rio^^ntenshv value t!L This output level is applied to both one input m of multiplexor 680 and one .nput of 
^S^lSvuSZmt&i selects The output binary pixel as between two bits generated from using two drffererrt 
HZESfit X ^ or L avg . in that regard, comparator 655 produces a high output level at Hs A>B output whenever 
me o^inS\h^e^hoid va.ul (T is greater than pixel intensity value k . The level at output A>B is routed v* leads 
si rlrSnt \Zuu"") of multiplexor 680 and to one input of AND gate 670. Multiplexor 680 produces the output 
2™ Jatoe tor Sxelfi D- To do so. the comparison output level produced by comparator 625. indicative of whether the 
a r«rd"ent Si7 tceeds the gradient threshold. GT. is applied as a select signal, via lead 628. to a select CS"> 
^Th h rnSexor 680 If this select signal is high, thereby indicating that the area gradient exceeds the grad,ent thresh- 
oTthe TltpTeTofSo routes the level applied to its "1" input, i.e.. that generated b^comparator 650. to binary output 
Tead 33- else the multiplexor routes the level then appearing at its "0" input to lead 33. 

t!urtSol esHSes the center pixel value. ^ or a predefined value IT- or IT- as the output gray-scale value to 
eioht*h oSdu. leads 37 Pre-defined values IT + and IT- along with center pixel value k are applied to different corre- 
sSSnc ^e^W-5tlnp^s to multiplexor 690. The output of this multiplexor is determined by the state of two select signals. 
^ ll H thes^ls assume the binary values zero. *1" or "3'. then the multiplexor w.11 route center prxel value 
f° t^f rr! w value IT- respectively, to output leads 37. Gating circuH 660. in response to the companson outpirt 
fen7.L nroduc^d by comparators 625. 650 and 655 generates, by simple combinatorial logic, the two select signals. SO 
■252 P aSedTm"ttXor 690. Specifically. H the area gradient is not larger than the gradient threshold, then, as 
dSusl'ed^ove g^y "ca.e pixel value k . without any modification, will be applied through muttiplexor 690. to output 
Sds^lSnatS H the area gradient exceeds the gradient threshold, then muttiplexor 690 will apply either value 
t i" « « modffL oray-scale -output value to lead 37 based upon whether center pixel intensity value ^ is less 
manTts Irre^in^ve^ge pixelTenshy value. L^. or not. Since the operation of gating circuit 660 is seH^vWent 

m l^vTdTscKn to anyone skilled in the art^tt will not be discussed in any further detail. Values IT- and IT+ 
iT^r^Zi^^ '^ster* (not shown) and from there applied to corresponding inputs of multiplexor 690. 
are merely new . ^ ^ ^ ^ CjrcuH 620 wnicn torms ^ & circuH 600 shown m FIG. 6^ 

rwrnH^o as shown in FIG. 7. is formed ol adder 710 and line delays 720. the latter containing four series-connected 
2o£ ifn ?detey^lements 720o. 720,. 720 2 and 720 3 . Incoming gradient intensity values are applied, over lead 617 
^ or^ntdeteSim 615 (shown in FIG. 6). to one input of adder 710. shown in FIG. 7. In addition, the output 
XTJl oJthe SnTdelays 720 is routed over a different one of four feedback leads 71 5 to a different correspond,,* 
£U2 Sis acSe i Result adder 710 forms partial sums of 1-by-5 gradient values which are applied, as input, to 
input oflM ! aoa«. djente hence p roduc j ng en area gradient measure, 

delay element ™J*2£ 5 are added loge1ner within adder 710 to a present l-by-5 sum. with the resuH- 
rtZZS^Z^^ «o output lead 622%se of these delay elements connected in this fashion substan- 
til deduces L amount of So that would otherwise be needed to generate twenty-five intermediate sums 
t.ally reduce* ;the an^um ^ ^ ^ De1ector 635 whicn also forms pan of circuit 600 

FIG 6 Asnotedabove detector 635 determines the maximum and minimum pixel intensity values, L^, and 
shown in i" its. . ^ ? centered aboul pixe | posrtion(i.j). This detector is formed of two separate 

■ Jzl?. m ,m detectino circuit 805 and minimum detecting circuit 840 which extract a pixel value having a maximum 

a^rl^ °» a " < ne ^ elS COntained Wrthin the 7 " by - 7 WiPdOW C6ntered afOUnd *2t* 

£ rS e raSyXse two values to leads 637 and 639. Circuit 805 contains maximum detector 810 and hne 

dS^ 8?oTetneTbe ng formed of six series-connected single-line delay elements 820 0 . 820,. 820 2 . 820 3 . 820, and 

820 sSaNy cilcuit 840 contains minimum detector 850 and line delays 860. the latter being formed of six ser.es- 

f^T^o^Lay elements 860 0 . 860,. 860 2 , 860 3 . 860. and 860 s . Inasmuch as circuits 805 and 840 tunchon 

?an SnTic^l manne, with Xhe exception that delecto, 81 0 locates maximum values while detector 850 locates a rmnimum 
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■ « Kothuomthesameseriesolpixelirrtensityvaluesappnedwerlead^ 
I ^ n 7he arTw^l then readiy appreciate how circuit 840 functions from this discussion, 
those skilled .n the art war men «° w maximum detector 810. In addition, the 

oulptrt of J£""2T mTximS defector 810 extracts the maximum pixel intensity value from a 1-by-7 series of prxel 
detector. Consequent^, max mum oe ect ^ ^ „ ^ ^ 

values and appl.es ^* J^^^hi^elays 820. maximum detector 810 locates the maximum pixel mtens.* 
spending maximum p.xel ^ lue ^ r °!f" n and aoolies that value, as output, to leads 637. Here, the use of 

^!Tne^^^ 

to generate ^^1^ >-ge produced by our invention is controlled 

As one can now Threshold GT is set to properly classify image pixels located in the vicinity 

bytheva.uesdefinedfor^ 

ol edges in an .mage. A relatively lowGT va u« E * • d a low IT value tends to classify 

classify pixels located in image '^jamttorrnXom ^^J^ 1 ^^ ^^^^^^^ 

purposes performs s mrtar to s mpie m £ inve ntion to classify pixels by essentiaDy soldy com- 

will always be larger tha .the area 9£*«*m y g ^ ^ pfoducc „ out)jne ^ 

pre^tlrass^ 



the art. 



,Mn ll f! Tn. t l APPLICARH ITY ANQ ADVANTAGES 
Tne presem invention . useful 

eliminating boundary artifacts from a thresholded image. 
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Claims 
1. 



3. 



pSS a^haT/a^^nS «*xa P«e, value asaociaad a,e,aw«h. d^ectanaed 
method comprises the steps ot: _ gradient value tor a first 

m TST^^^^1^^^':t «■-•»<<--«•«■■-■- 

contained within said second window, and maximum and minimum pixel values, a current one of 

position in the f irst output image. 

measuring, m respond * # nra Hi^nt Gfi n value tor the cunent pixel position such 

^ofrnfng the fcst window of intensity gradient values from the plurality of intensity gradient values and. in 
response to said first window, determining said area gradient value. 

TV, cthnri in ciaim 2 wherein said first window forming and area gradient determining step comprises the step of 

in,ensi » va,ues in said ,i,st windOW 10 pf ° dUCe 9 
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, The mrthod in claim 3 wherein said thresholding step comprises the steps of: 

t^artng he area orient value. GS(ij). to a pre-defined gradient threshold value. GT. so as to produce 
a comp^rXsigna. indicaL of whether a current one input pixel located at the current P >xe. post™ .n the 

ihreshowto STesponse to said comparison signal, said input pixel value atposrtton .n he .nput wnage agar* 
I f"xed g°ay-sca.e threshold value. IT. to yield a cor.esponding binary output value at pocel posrtion 

in ^^^^^ inaicales that said one current input pixel does lie within the vicinity of an edge 
se «ino in^eSnse to said comparison signal, said cor.esponding binary output value to a f .rsl or second slate rt 
Z *2\e* o^TpTxel value eHher exceeds or is less than an average of the maximum and m.n.mum puel values, 
respectively. 

r The mrthod in claims 3 or A wherein said intensity gradient measuring step comprises the step of producing the 
^enThy g^ienl "^e for the current pixel position by processing said third window of .nput pocel values through 
a Sobel operator. 

6. The method in claim 5 wherein the third window is a 3-by-3 window of input pixel values and the Sobel operator 
implements the following equations: 

GX(i j) = L0+1 + 2L(k1 j) - Mk1 j+1) - - 2UI-1.D - LO-1 

GY(i j) = L(H + 2L(ij+1) + M M j+1) - Mi-i J-1) - 2MU-1) * MM-1 j-1): 



and 



G(ij)HGX0j)l+|GY(ij)l 



7. 



where: L(i j) is an input pixel value, in luminance, for 
the pixel position (ij) in the input image. 

^J^^Sale output pixel value at position (i j) in a second output image, wherein, if the companson s^nal 
SfcaS thau^one^ert irpul pixel Soes not lie in the vicinity of the edge in sad nput image »em°d«*d 
,rKJ.wtes that tne o » v ^ va|ue ^ H ^ comparlson 6ign8 , in d,cates that the cunerrt 

^ dxX ^ edg'e. the modHted grayscale output pixel value is set equal to a pre- 

T^Z^o, ^greater than or .ess tfJn .he .h,esho.d va.ue IT when the pixel va.ue is greater or less than, respec- 

second binary output pixel value at a pixel posHion <i j) whhin a second output image. 

4 « inr ih.esholdina an input gray-scale image into a first output image, wherein said input image is formed 
T^h HZ ~*te*naa™^ g ^e pixel va.ue associated therewith, and wherein said first output .mage 
I ! pfxSeach having a conesponding output pixel va.ue associated therewith, charactered ,n that the 
apparatus utilizes the steps recHed in any of claims 1 -7. 
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